The use of chromatog.assays to assess the residual complexity of materials that are purified from natural sources by chromatog. means is, in a sense, a case of the fox watching the henhouse. Beside their static residual complexity, which is intrinsic to their metabolic origin, biol. active natural materials can also be involved in chem. reactions that lead to dynamic residual complexity. The present study examines the dynamics of the hop prenylphenol, desmethylxanthohumol (DMX), by quant. 1H-NMR (qHNMR) in a setting that mimics in vitro and physiol. conditions. The expts.provide a comprehensive, time-resolved, and mechanistic picture of the spontaneous isomerization of DMX into congeneric flavanones, including their 1H/2D isotopomers. Formation of the potent phytoestrogen, 8-prenylnaringenin (8PN), suggests that measurable estrogenic activity even of high-purity DMX is an artifact. Together with previously established qHNMR assays including purity activity relationships (PARs), dynamic qHNMR assays complement important steps of the post-isolation evaluation of natural products. Thus, qHNMR allows assessment of several unexpected effects that potentially break the assumed linkage between a single chem. entity (SCE) and biol. endpoints. The present study explores the variability of biol. responses from the perspective of sample purity and introduces the concept of purity-activity relationships (PARs) in natural product research. The abundant plant triterpene ursolic acid (1) was selected as an exemplary natural product due to the overwhelming no. yet inconsistent nature of its approx. 120 reported biol. activities, which include anti-TB potential. Nine different samples of ursolic acid with purity certifications were obtained, and their purity was independently assessed by means of quant. 1H NMR (qHNMR). Biol. evaluation consisted of detg. MICs against two strains of virulent Mycobacterium tuberculosis and IC50 values in Vero cells. Ab initio structure elucidation provided unequivocal structural confirmation and included an extensive 1H NMR spin system anal., detn. of nearly all J couplings and the complete NOE pattern, and led to the revision of earlier reports. As a net result, a sigmoid PAR profile of 1 was obtained, demonstrating the inverse correlation of purity and anti-TB bioactivity. The results imply that synergistic effects of 1 and its varying impurities are the likely cause of previously reported antimycobacterial potential. Generating PARs is a powerful extension of the routinely performed quant. correlation of structure and activity ([Q]SAR). Advanced by the use of primary anal.methods such as qHNMR, PARs enable the elucidation of cases like 1 when increasing purity voids biol. activity. This underlines the potential of PARs as a tool in drug discovery and synergy research and accentuates the need to routinely combine biol. testing with purity assessment. 0Tags 0 Comments
Reliable and rapid anal.remains a high priority for quality control in biodiesel prodn. Quantifying biodiesel with alternative anal.tools such as proton NMR (1H NMR) can provide total Me esters distributions without significant sample pretreatment. Using unique spectra of individual Me esters, we investigate the feasibility of using 1H NMR spectroscopy to identify and quantify relative and abs. concns. of Me esters in a biodiesel. Our goal was to establish the hydrophilic metabolome of heterotrophic Arabidopsis thaliana cells grown in suspension, a cellular model of plant sink tissues. Water-soluble metabolites were extracted using four protocols: perchloric acid, boiling ethanol, methanol and methanol/chloroform (M/Chl). They were detected and quantified using (1) H nuclearmagneticresonance (NMR) spectroscopy at 400 MHz. Extraction yields and reproducibility of the extraction methods were investigated. The effects of cell harvest protocol, cell grinding and lyophilization and storage conditions on the measured metabolic profiles were also studied. These quantitative studies demonstrated for the first time that the four extraction protocols commonly used do lead to quite similar molecular compositions as analyzed by (1) H NMR. The M/Chl method proved effective and reliable to prepare series of physiologically significant extracts from plant cells for (1) H NMR analysis. Reproducibility of the detected metabolome was assessed over long periods of time by analyzing a large number of separate extracts prepared from independent cultures. Larger variations in the NMR metabolite profiles could be correlated to changes in physiological parameters of the culture medium. Quantitative resolved (1) H NMR of cell extracts proved to be robust and reliable for routine metabolite profiling of plant cell cultures. Artemisinin is a polycyclic sesquiterpene lactone that is highly effective against multidrug-resistant strains of Plasmodium falciparum, the etiological agent of the most severe form of malaria. Determination of artemisinin in the source plant, Artemisia annua, is a challenging problem since the compound is present in very low concentrations, is thermolabile and unstable, and lacks chromophoric or fluorophoric groups. The ain of this study was to develop a simple protocol for the quantification of artemisinin in a plantextract using an (1)H-NMR method. Samples were prepared by extraction of leaf material with acetone, treatment with activated charcoal to remove chlorophylls and removal of solvent.
(1)H-NMR spectra were measured on samples dissolved in deuterochloroform with tert-butanol as internal standard. Quantification was carried out using the using the delta 5.864 signal of artemisinin and the delta 1.276 signal of tert-butanol. The method was optimised and fully validated against a reference standard of artemisinin. The results were compared with those obtained from the same samples quantified using an HPLC-refractive index (RI) method. The (1)H-NMR method gave a linear response for artemisinin within the range 9.85-97.99 mm (r(2) = 0.9968). Using the described method, yields of artemisinin in the range 0.77-1.06% were obtained from leaves of the A. annua hybrid CPQBA x POP, and these values were in agreement with those obtained using an HPLC-RI. A review. Although less sensitive than mass spectrometry (MS), nuclearmagneticresonance (NMR) spectroscopy provides a powerful complementary technique for the identification and quantitative analysis of plant metabolites either in vivo or in tissue extracts. In one approach, metabolite fingerprinting, multivariate analysis of unassigned 1H NMR spectra is used to compare the overall metabolic composition of wild-type, mutant, and transgenic plant material, and to assess the impact of stress conditions on the plant metabolome. Metabolite fingerprinting by NMR is a fast, convenient, and effective tool for discriminating between groups of related samples and it identifies the most important regions of the spectrum for further analysis. In a second approach, metabolite profiling, the 1H NMR spectra of tissue extracts are assigned, a process that typically identifies 20-40 metabolites in an unfractionated extract. These profiles may also be used to compare groups of samples, and significant differences in metabolite concentrations provide the basis for hypotheses on the underlying causes for the observed segregation of the groups. Both approaches generate a metabolic phenotype for a plant, based on a system-wide but incomplete analysis of the plant metabolome. However, a review of the literature suggests that the emphasis so far has been on the accumulation of analytical data and sample classification, and that the potential of 1H NMR spectroscopy as a tool for probing the operation of metabolic networks, or as a functional genomics tool for identifying gene function, is largely untapped. 0Tags 0 Comments Copyright © 2010 U.S. National Library of Medicine. Quantitative (1)HNMR measurements revealed delta(11(13)) sesquiterpene gamma-lactones as the main constituents ( >or= 1% per weight of dried plant material) in the crude extracts of the aerial parts of Amphoricarpos neumayerissp. neumayeri and ssp. murbeckii from mountains Orjen and Visitor (Montenegro), respectively. Preparative silica gel chromatography afforded thirteen guai-11(13)-en-12,6alpha-olides, named amphoricarpolides (1-13), with the same relative (1alphaH,4betaH,5alphaH,7betaH) configuration of the basic skeleton. The common structural feature of lactones 2-13 was 3beta,15-dioxygenation pattern. The only exception was 1 (3-deoxyamphoricarpolide), containing a single oxygen substituent (15-OH). Eight of them exhibited an additional oxygen substituent, 9beta-OH (5 and 6), 2alpha-OH (8-12), or 2alpha-OAc (13). Compound 7 was epoxydated at 10alpha(14)-position, whereas the remaining lactones contained a 10(14) double bond. The use of proton NMR spectroscopy allows the analysis of complex multi-component mixtures such as plantextracts by simultaneous quantification of all proton-bearing compounds and consequently all relevant substance classes. Since the spectra obtained are too complicated to be analysed visually, the classification of spectra was carried out using multivariate statistical methods. The spectroscopic data of various extracts of St. John's wort (Hypericum perforatum) samples derived from 4 different accessions extracted with 6 distinct solvents were chemometrically evaluated and calibrated using the partial least square (PLS) algorithm. In a first approach, we found a consistent correlation for the spectroscopic pattern of the extracts and the corresponding IC (50) values derived from non-selective binding to opioid receptors. Consequently, the multivariate data analysis was used to predict the pharmacological efficacy of further St. John's wort extracts on the basis of their proton NMR spectra. In a second approach a PLS 2 model was used to predict the biological activity for eight St. John's wort extracts based on two pharmacological data sets: (i) non-selective binding to opioid receptors and (ii) antagonist effect at corticotrophin-releasing factor type 1 (CRF (1)) receptors. The PLS 2 model confirmed the useful application of the presented approach to assess the quality of medicinal herbs and extracts by spectroscopic analysis derived from bioactivity-related quality parameters. To det. the saccharide content of plant tissues, the authors studied a new non-destructive and fast anal. method that the authors call "direct quant. proton NMR spectroscopy" (d q 1H NMR). The response of tomato plants to long-term cadmium exposure was evaluated after a 90-days long culture in hydroponic conditions (0, 20, and 100 μM CdCl2). Cadmium preferentially accumulated in roots, and to a lower extent in upper parts of plants. Abs. quantification of 28 metabolites was obtained through 1H NMR, HPLC-PDA, and colorimetric methods. The principal component anal.showed a clear sepn. between control and Cd treated samples. Proline and total ascorbate amts. were reduced in Cd-treated leaves, whereas α-tocopherol, asparagine, and tyrosine accumulation increased, principally in 100 μM Cd treated leaves. Carotenoid and chlorophyll contents decreased only in 100 μM Cd-mature-leaves, which correlate with a Ayahuasca is an Amazonian plant beverage obtained by infusing the pounded stems of Banisteriopsis caapi in combination with the leaves of Psychotria viridis. P. viridis contains the psychedelic indole N,Ndimethyltryptamine (DMT). This assocn.has a wide range of use in religious rituals around the world. In the present work, an easy, fast and non-destructive method by NMR of proton (1H NMR) for quantification of DMT in ayahuasca samples was developed and validated. 2,5-Dimethoxybenzaldehyde (DMBO) was used as internal std. (IS). For this purpose, the area ratios produced by protons of DMT (N(CH3)2) at 2.70 ppm, singlet, (6H) and for DMBO (Ar(OCH3)2) at 3.80 and 3.89 ppm, doublet, (6H) were used for quantification. The lower limit of quantification (LLOQ) was 12.5 μg/mL and a good intra-assay precision was also obtained (relative std. deviation < 5.1%). The present 1H NMR method is not time consuming and can be readily applied to monitor this tryptamine in plant prepns. We believe that qNMR can be used for identification and quantification of many plant-based products and metabolites with important advantages, while comparing with other anal. Metabonomic anal.is an important mol. phenotyping method for understanding plant ecotypic variations and gene functions. Here, the metabonomic variations assocd. with three Salvia miltiorrhiza Bunge (SMB) cultivars were systematically characterized using the combined NMR and LC-DAD-MS detections in conjunction with multivariate data anal. The results indicated that NMR methods were effective to quant. detect the abundant plant metabolites including both the primary and secondary metabolites whereas the LC-DAD-MS methods were excellent for selectively detecting the secondary metabolites. It was found that the SMB metabonome was dominated by 28 primary metabolites including sugars, amino acids, and carboxylic acids and 4 polyphenolic secondary metabolites, among which N-acetylglutamate, aspartate, fumarate, and yunnaneic acid D were reported for the first time in this plant. It was also found that three SMB cultivars growing at the same location had significant metabonomic differences in terms of metabs. of carbohydrates, amino acids, and choline, TCA cycle, and the shikimate-mediated secondary metabs. ISAFRUIT is a European integrated project aimed at increasing fruit consumption with the goal to improve health of the European citizens. One of the objectives of the work package GENFRUIT is to set the genetic basis of fruit quality by mapping the major genes and QTLs involved (Work package 6.1). This is performed on two peach (Prunus persica L. Batsch) and two apricot (Prunus armeniaca L.) progenies. Only results obtained on one of the two peach progenies, the F2 progeny of 207 hybrids issued from the 'Ferjalou' Jalousia x 'Fantasia' cross (JxF), will be described in this paper. This progeny is segregating for six Mendelian traits, peach or nectarine (G), flat or round fruit (S), non-acid or acid fruit (D), clingstone or freestone (F), male sterility (Ps), no fruit at maturity (af), as well as for quant. characters involved in fruit quality. This progeny was evaluated for various characters such as blooming and maturity date, fruit fresh, and dry wt., flesh firmness, juice sol. solid content; pH and acidity. The quantification of the flesh concn.in 15 to 20 major metabolites (glucose, fructose, sucrose, citrate, malate, major amino acids, and some major secondary metabolites) was performed in Bordeaux using proton NMR spectroscopy of polar exts. Phenolics profiling, using HPLC-DAD, was performed in Avignon. Candidate genes involved in fruit sugar or acid contents and fruit development were bin mapped in the ref. map 'Texas' x 'Earlygold' and in JxF. Preliminary results on QTL detection concerning fruit quality characters are presented. First colocalisations of QTLs with candidate genes were identified. In the future, the colocalisation of QTLs with candidate genes, and the colinearity of QTLs detected on the different populations analyzed in the ISAFRUIT project will be examd. Simple, convenient, sensitive, and accurate anal.methods are needed for the anal. of alkaloid components in Rhizoma Coptidis in traditional Chinese herbal medicine, which has important bioactivity. In the present study, a highly specific and sensitive method using 1H NMR was developed for the quant. detn. of protoberberine alkaloids berberine, palmatine, coptisine, and jatrorrhizine in Coptis species and their com. traditional Chinese medicine prescriptions. A 1H NMR anal.of the H-13 signals of target protoberberine alkaloids was performed. By comparing the solvent effects on the resoln.of these signals, MeOH-d 4-benzene-d 6 (75:25) is selected as an optimal 1H NMR solvent. The quantity of the compds.is calcd. by the relative ratio of the integral values of the target peak for each compd. to the known amt. of the internal std.
Guaianolides from two subspecies of Amphoricarpos neumayeri from Montenegro
anthracene. This method allows rapid and simple quantitation of protoberberine alkaloids from Coptis species and the more complex com. prescriptions in 5 min without any pre-purifn. steps. The recoveries of these alkaloids from Coptis chinensis are in the range of 93-105%. Limit of detection of berberine in the plant material or prescription is 0.03 mg/mL. Tomato is an essential crop in terms of economic importance and nutritional quality. In France, the third most important region for tomato (Solanum lycopersicum L.) prodn.is Aquitaine where the major part of prodn. is now grown soilless under greenhouse conditions with harvest from March to Nov. Tomato fruit quality at harvest is a direct function of its metabolite content at that time. The aim of this work was to use a global approach to characterize changes in the fruit organoleptic quality at harvest under com. culture conditions during an entire season for two varieties and two different fertilization practices (with or without recycling of the nutrient soln.) for one variety. Abs. quantification data of 32 major compds.in fruit without seeds were obtained through untargeted (proton NMR, 1H-NMR) quant. profiling. These data were complemented by colorimetric anal. of ascorbate and total phenolics. They were analyzed with chemometric approaches. Principal component anal. (PCA) or partial least square analyses (PLS) revealed more discriminant metabolites for season than for variety and showed that nutrient soln. recycling had very little effect on fruit compn. These tendencies were confirmed with univariate analyses. 1H-NMR profiling complemented with colorimetric analyses therefore provided a diagnostic tool to follow the changes in organoleptic and nutritional quality of tomato. In addn. the quant. information generated will help to increase our knowledge on the mechanisms of plantresponse to environmental modifications. 0Tags 0 Comments Copyright © 2010 American Chemical Society (ACS). All Rights Reserved. A metabolomics approach combining 1H NMR and gas chromatog.-electrospray ionization time-of-flight mass spectrometry (GC-EI-TOFMS) profiling was employed to characterize melon (Cucumis melo L.) fruit. In a first step, quant. 1H NMR of polar exts.and principal component analyses (PCA) of the corresponding data highlighted the major metabolites in fruit flesh, including sugars, org. acids, and amino acids. In a second step, the spatial localization of metabolites was investigated using both anal. techniques. Direct 1H NMR profiling of juice or GC-EI-TOFMS profiling of tissue exts. collected from different locations in the fruit flesh provided information on advantages and drawbacks of each technique for the anal. of a sugar-rich matrix such as fruit. 1H NMR and GC-EI-TOFMS data sets were compared using independently performed PCA and multiblock hierarchical PCA (HPCA), resp. In addn. a correlation-based multiblock HPCA was used for direct comparison of both anal. data sets. These data analyses revealed several gradients of metabolites in fruit flesh which can be related with differences in metab. and indicated the suitability of multiblock HPCA for correlation of data from two (or potentially more) metabolomics platforms. Here we examd. the effects of root hypoxia (1-2% oxygen) on the physiol. of the plant and on the biochem. compn. of fruits in tomato (Solanum lycopersicum cv. Micro-Tom) plants submitted to gradual root hypoxia at first flower anthesis. Root hypoxia enhanced nitrate absorption with a concomitant release of nitrite and ammonium into the medium, a redn. of leaf photosynthetic activity and chlorophyll content, and an acceleration of fruit maturation, but did not affect final fruit size. Quant.metabolic profiling of mature pericarp exts. by 1H NMR showed that levels of major metabolites including sugars, org. acids and amino acids were not modified. However, ammonium concn.increased dramatically in fruit flesh, and ascorbate and lycopene concns. decreased. Our data indicate that the unfavorable effects of root hypoxia on fruit quality cannot be explained by two of the well-known effects of root hypoxia on the plant, namely a decrease in photosynthesis or an excess in ethylene prodn., but may instead result from disturbances in the supply of either growth regulators or ammonium, by the roots. Opium poppy (Papaver somniferum) produces a diverse array of bioactive benzylisoquinoline alkaloids and has emerged as a versatile model system to study plant alkaloid metab. The plant is widely cultivated as the only com. source of the narcotic analgesics morphine and codeine. Variations in plant secondary metab.as a result of genetic diversity are often assocd. with perturbations in other metabolic pathways. As part of a functional genomics platform, we used 1H NMR (NMR) metabolite profiling for the anal. of primary and secondary metab. in opium poppy. Aq. and chloroform exts.of six different opium poppy cultivars were subjected to chemometric anal. Principle component anal.of the 1H NMR spectra for latex exts. clearly distinguished two varieties, including a low-alkaloid variety and a high-thebaine, low-morphine cultivar. Distinction was also made between pharmaceutical-grade opium poppy cultivars and a condiment variety. Such phenotypic differences were not obsd. in root exts. Loading plots confirmed that morphinan alkaloids contributed predominantly to the variance in latex exts. Quantification of 34 root and 21 latex metabolites, performed using Chenomx NMR Suite version 4.6, showed major differences in the accumulation of specific alkaloids in the latex of the low-alkaloid and high-thebaine, low-morphine varieties. Relatively few differences were found in the levels of other metabolites, indicating that the variation was specific for alkaloid metab. Exceptions in the low-alkaloid cultivar included an increased accumulation of the alkaloid precursor tyramine and reduced levels of sucrose, some amino acids, and malate. Real-time polymerase chain reaction anal.of 42 genes involved in primary and secondary metab. showed differential gene expression mainly assocd. with alkaloid biosynthesis. Reduced alkaloid levels in the condiment variety were assocd. with the reduced abundance of transcripts encoding several alkaloid biosynthetic enzymes. In an effort to better understand the mechanisms that regulate oil accumulation and packaging in seeds, transgenic cotton lines were generated using a Brassica napus nonfunctional delta-12 fatty acid desaturase (FAD2) gene under control of the phaseolin promoter. Seeds of numerous transgenic plant lines had reduced oil content compared with null-segregating siblings or nontransformed seeds. Seed oil content was quantified by 1H-NMR, and was reduced to 12% or less of seed wt. in transgenics from 20% by wt. in nontransformed controls. Light-and electron-microscopic analyses of severely lowered lines, showed a redn. in overall cotyledon thickness and a disruption in cellular and subcellular organization. Lipid bodies and protein bodies were fewer in transgenics, and their size and distribution in cells was different than that in nontransformed seeds. Coincident with reduced storage reserves, sucrose levels were elevated in transgenic seeds. The overall effect of oil suppression was to selectively reduce the size of the embryo, but the seed coat and fiber properties remained unaffected in seeds. In fact there was a significant increase in lint percentage in all oil-suppressed lines examd. Overall we propose that expression of the nonfunctional Bnfad2 allele in cottonseeds disrupts normal oil biosynthesis and provides for redirection of carbon reserves. 0Tags 0 Comments Copyright © 2010 American Chemical Society (ACS). All Rights Reserved.
1H NMR, GC-EI-TOFMS, and Data Set Correlation for Fruit Metabolomics: Application to Spatial Metabolite Analysis in Melon

Plant metabolomics: analytical platforms and integration with functional genomics
ByHagel, Jillian M.; Facchini, Peter J.
From Phytochemistry Reviews (2008) Opium poppy (Papaver somniferum) produces a diverse array of bioactive benzylisoquinoline alkaloids and has emerged as a model system to study plant alkaloid metab. The plant is cultivated as the only com.
source of the narcotic analgesics morphine and codeine, but also produces many other alkaloids including the antimicrobial agent sanguinarine. Modulations in plant secondary metab.as a result of environmental perturbations are often assocd. with the altered regulation of other metabolic pathways. As a key component of our functional genomics platform for opium poppy we have used proton NMR (1H NMR) metabolomics to investigate the interplay between primary and secondary metab. in cultured opium poppy cells treated with a fungal elicitor. Metabolite fingerprinting and compd.-specific profiling showed the extensive reprogramming of primary metabolic pathways in assocn. with the induction of alkaloid biosynthesis in response to elicitor treatment. Using Chenomx NMR Suite v. 4.6, a software package capable of identifying and quantifying individual compds.based on their resp. signature spectra, the levels of 42 diverse metabolites were monitored over a 100-h time course in control and elicitor-treated opium poppy cell cultures. Overall, detectable and dynamic changes in the metabolome of elicitor-treated cells, esp. in cellular pools of carbohydrates, org. acids and non-protein amino acids were detected within 5 h after elicitor treatment. The metabolome of control cultures also showed substantial modulations 80 h after the start of the time course, particularly in the levels of amino acids and phospholipid pathway intermediates. Specific flux modulations were detected throughout primary metab., including glycolysis, the tricarboxylic acid cycle, nitrogen assimilation, phospholipid/fatty acid synthesis and the shikimate pathway, all of which generate secondary metabolic precursors. 
NMR-Based Metabolic Profiling and Metabonomic Approaches to Problems in Molecular Toxicology
ByCoen, Muireann; Holmes, Elaine; Lindon, John C.; Nicholson, Jeremy K. A review. We have reviewed the main contributions to the development of NMR-based metabonomic and metabolic profiling approaches for toxicol. assessment, biomarker discovery, and studies on toxic mechanisms. The metabonomic approach, (defined as the quant. measurement of the multiparametric metabolic response of living systems to pathophysiol. stimuli or genetic modification) was originally developed to assist interpretation in NMR-based toxicol. studies. However, in recent years there has been extensive fusion with metabolomic and other metabolic profiling approaches developed in plant biol., and there is much wider coverage of the biomedical and environmental fields. Specifically, metabonomics involves the use of spectroscopic techniques with statistical and math. tools to elucidate dominant patterns and trends directly correlated with time-related metabolic fluctuations within spectral data sets usually derived from biofluids or tissue samples. Temporal multivariate metabolic signatures can be used to discover biomarkers of toxic effect, as general toxicity screening aids, or to provide novel mechanistic information. This approach is complementary to proteomics and genomics and is applicable to a wide range of problems, including disease diagnosis, evaluation of xenobiotic toxicity, functional genomics, and nutritional studies. 1H-NMR spectroscopy was applied for the quant. anal. of cnicin, a bioactive germacranolide type sesquiterpene lactone, in the aerial parts of seven wild-growing Centaurea species collected in Serbia and Montenegro. The anal. was performed by comparison of the integral of the one-proton signal of cnicin (H-13, δ5.75) with that of the two-proton singlet (δ6.98) of 2,6-bis(1,1-dimethylethyl)-4-methylphenol (BHT), used as the internal std. Cnicin, within the concn. range 1.06-6.12 mg/g, calcd. per wt. of the fresh plant material was detected in 6species, the exception being C. salonitana. This method allows the rapid and simple quantification of cnicin without any pre-purifn. step. J. repens (JRL) is an edible medicinal plant and is also used as a vegetable by the local people in southwestern China. The crude ext. and its 4 fractions derived from JRL were evaluated for the 1,1-diphenyl-2-picrylhydrazyl radical-scavenging ability, hydroxyl radical-scavenging capacity and the potassium ferricyanide redn. property. The Et acetate-sol. fraction (EAF) and EAF6 (a subfraction derived from EAF) were the most valuable fraction and subfraction, resp. Furthermore, bioactivity-guided chromatog.fractionation revealed that 3 pure compds. greatly contributed to the antioxidant activities. Qual. and quant. analyses of the major antioxidant constituents in the ext. were systematically conducted by NMR, mass spectral analyses and RP-HPLC. The result demonstrated that rosmarinic acid (2.00 mg/g JRL dry wt.) quercetin 3-O-β-D-glucopyranoside (9.88 mg/g JRL dry wt.), and kaempferol 3-O-β-Dglucopyranoside (1.85 mg/g JRL dry wt.) were the major antioxidative constituents in JRL. These compds.are reported for the 1st time from this plant. Tomato, an essential crop in terms of economic importance and nutritional quality, is also used as a model species for all fleshy fruits and for genomics of Solanaceae. Tomato fruit quality at harvest is a direct function of its metabolite content, which in turn is a result of many physiol. changes during fruit development. The aim of the work was to develop a global approach to characterize changes in metabolic profiles in two interdependent tissues from the same tomato fruits. Abs. quantification data of compds.in flesh and seeds from 8 days to 45 days post anthesis (DPA) were obtained through untargeted (proton NMR, 1H-NMR) and targeted metabolic profiling (liq. chromatog. with diode array detection (LC-DAD) or gas chromatog. with flame ionization detection (GC-FID)). These data were analyzed with chemometric approaches. Kohonen self organizing maps (SOM) anal.of these data allowed us to combine multivariate (distribution of samples on Kohonen SOMs) and univariate information (component plane representation of metabolites) in a single anal. This strategy confirmed published data and brought new insights on tomato flesh and seed compn., thus demonstrating its potential in metabolomics. The compositional changes were related to physiol. processes occurring in each tissue. They pointed to (i) some parallel changes at early stages in relation to cell division and transitory storage of carbon, (ii) metabolites participating in the fleshy trait and (iii) metabolites involved in the specific developmental patterns of the seeds. 0Tags 0 Comments Copyright © 2010 American Chemical Society (ACS). All Rights Reserved. The utility of IR spectroscopy for the detn.of strawberry ripeness has been successfully demonstrated. Transmission IR spectra were collected using dried liq. exts. from strawberry flesh. The overall IR feature provided fairly noticeable differences, and the ripeness stage was clearly identified using principal component anal. (PCA). Although all of the extd. components contributed to the resulting spectral features for discrimination, the variation of carbohydrate and amide residues played a major role for providing the selective spectral feature. NMR spectra were also collected to quantify the concns. of three small sugars (α-glucose, β-glucose and sucrose) as well as to evaluate the NMR spectral features at each ripeness step. The concns.of three sugars increased from early to late growth stages. Both IR and NMR spectroscopies were valuable to elucidate the metabolic signatures for the detg. of ripeness stage; however, IR spectroscopy could be more advantageous when fast and high throughput anal. is essential. 0Tags 0 Comments Copyright © 2010 American Chemical Society (ACS). All Rights Reserved. The effects of nitrogen source on iron deficiency responses were investigated in two Vitis genotypes, one tolerant to limestone chlorosis Cabernet Sauvignon (Vitis vinifera cv.) and the other susceptible Gloire de Montpellier (Vitis riparia cv.). Plants were grown with or without Fe(III)-EDTA, and with NO-3 alone or a mixt. of NO-3 and NH+4. Changes in pH of the nutrient soln. and root ferric chelate reductase (FC-R) activity were monitored over one week. Quant. metabolic profiling (1H-NMR) the activity of enzymes involved in org. acid metab. in root tips was detd. In iron free-solns., with NO3 as the sole nitrogen source, the typical Fe-deficiency response reactions as acidification of the growth medium and enhanced FC-R activity in the roots were obsd. only in the tolerant genotype. Under the same nutritional conditions, org. acid accumulation (mainly citrate and malate) was found for both genotypes. In the presence of NH4+, the sensitive genotype displayed some decrease in pH of the growth medium and an increase in FC-R activity. For both genotypes, the presence of NH+4 ions decreased significantly the org. acid content of roots. Both Vitis genotypes were able to take up NH+4 from the nutrient soln., regardless of their sensitivity to iron deficiency. Glycinebetaine (GB), a quaternary ammonium compd., is a very effective compatible solute. In higher plants, GB is synthesized from choline (Cho) via betaine aldehyde (BA). The first and second steps in the biosynthesis of GB are catalyzed by choline monooxygenase (CMO) and by betaine aldehyde dehydrogenase (BADH), resp. Rice (Oryza sativa), which has two genes for BADH, does not accumulate GB because it lacks a functional gene for CMO. Rice plants accumulate GB in the presence of exogenously applied BA, which leads to the development of a significant tolerance to salt, cold and heat stress. The goal in this study was to evaluate and to discuss the effects of endogenously accumulated GB in rice. Transgenic rice plants that overexpressed a gene for CMO from spinach (Spinacia oleracea) were produced by Agrobacterium-mediated transformation. After Southern and western blotting anal., GB in rice leaves was quantified by 1H-NMR spectroscopy and the tolerance of GB-accumulating plants to abiotic stress was investigated. Transgenic plants that had a single copy of the transgene and expressed spinach CMO accumulated GB at the level of 0.29-0.43 μmol g-1 d. wt and had enhanced tolerance to salt stress and temp. stress in the seedling stage. In the CMO-expressing rice plants, the localization of spinach CMO and of endogenous BADHs might be different and/or the catalytic activity of spinach CMO in rice plants might be lower than it is in spinach. These possibilities might explain the low levels of GB in the transgenic rice plants. It was concluded that CMO-expressing rice plants were not effective for accumulation of GB and improvement of productivity. 0Tags 0 Comments Copyright © 2010 American Chemical Society (ACS). All Rights Reserved. Methylamines have many metabolic roles and there is an increasing demand for their measurement. Glycine betaine is an important osmolyte, and a reservoir for Me groups. Proline betaine and trigonelline are important dietary betaines. Trimethylamine, derived from gut flora, is normally converted to trimethylamine oxide but in fish odor syndrome' is excreted as TMA. These compds.are all suitable for quantification by 1H NMR spectroscopy as they all have Me protons. Urine samples are acidified and 1H NMR spectra are obtained using presatn. for water suppression. Peak integrals or heights are compared to an internal std. of acetonitrile. Inter-and intra-assay CV's were < 5% for TMAO and creatinine, and < 10% for the other analytes. Responses were linear from 50 to 1000 μM for all metabolites, and recoveries were ≥ 97%. Limits of detection using NMR are slightly higher than alternative HPLC assays (15-25 μM). However, sensitivity is adequate for the detection of raised levels in urine, and sample anal. was complete in less than 5 min. 1H NMR spectroscopy is a convenient, rapid and economical option for the detn. of betaines and related compds. in urine in a single anal. The application of NMR spectroscopy, hyphenated NMR, and diffusion-ordered spectroscopy (DOSY) to the characterization of mango juice, as an example of a complex food mixt., is described. The compositional changes taking place as a function of ripening were followed, and selected metabolites were quantified by integration of the corresponding NMR peaks. In this way, an overall view of the metabolite changes is obtained, enabling the study of the biochem. mechanisms involved in the ripening process. More than 50 compds.were identified by 1D-and 2D-NMR, but many ambiguous assignments remain due to spectral overlap or insufficient coupling information. The use of liq. chromatog. (LC-NMR) and LC-NMR/mass spectrometry (MS) enables a fuller characterization of the sol. pectin fraction to be made; its dependence on ripening stage is discussed. Finally, DOSY adds information on the Mr of many metabolites, including the pectin fractions of ripe and unripe mango juices, and enables further peak assignments to be made. Metabolic profiling by 1-dimensional (1-D) 1H-NMR was tested for abs. quantification of sol. sugars, org. acids, amino acids and some secondary metabolites in fruit, roots and leaves. The metabolite responsible for each peak of the 1H-NMR spectra was identified from spectra of pure compds. Peak identity was confirmed by the addn. of a small amt. of com.-available pure substance. 1H-NMR spectra acquisition was automated. 1H-NMR abs. quantification was performed with a synthesized electronic ref. signal and validated by comparison with enzymic or HPLC analyses; the correlation coeffs. between 1H-NMR data and enzymic or HPLC data were highly significant. Depending on the species and tissues, 14-17 metabolites could be quantified with 15-25 min acquisition time. The detection limit was approx. 1-9 μg in the NMR tube, depending on the compd. Quant. data were used for (1) a genetic study of strawberry fruit quality, (2) a functional study of tomato transformants overexpressing hexokinase and (3) a study of Arabidopsis phosphoenolpyruvate carboxylase transformants with several lines showing decreased activity of the enzyme. Biochem.phenotyping of the fruits of a strawberry offspring allowed the detection of quant. trait loci (QTL) controlling fruit quality. Comparison of the roots of wild types and hexokinase tomato transformants using principal component anal.of metabolic profiles revealed that environmental factors, i.e. culture conditions, can significantly modify the metabolic status of plants and thus hide or emphasize the expression of a given genetic background. The decrease in phosphoenolpyruvate carboxylase activity (up to 75%) in Arabidopsis transformants impacted on the metabolic profiles without compromising plant growth, thus supporting the idea that the enzyme has a low influence on the carbon flux through the anaplerotic pathway. Peroxisomicine A1 (PA1) is a natural product that shows biol. activity. After its extn.and isolation from the plant, there is still between 3 and 5% remaining of an isomer (isoperoxisomicine A1, isoPA1), which is also present in the original matrix. A simple and reliable quantification method was developed by proton NMR spectroscopy to det. the isoperoxisomicine amt. in these PA1 batches. Two methods were applied to the quantification: the relative area method and an abs. method by an internal std. No significant differences were found between them. The simplicity of the 1st one makes it desirable for routine anal. The validated method has adequate linearity and precision, because it allows measuring as low as 1% of isoPA1 content. Four ephedrine analogs such as ephedrine, pseudoephedrine, methylephedrine, and methylpseudoephedrine were detd. by 1H-NMR from Ephedra species. In the region of δ 5.0-4.0, the signals of H-1 attached to the same carbon with a hydroxyl, were well sepd. from each other in CDCl3. The amt. of each alkaloid was calcd. by the relative ratio of the intensity of H-1 signal to the known amt. of internal std., 200 μg of anthracene. This method allows rapid detn. of the quantity of four ephedrine alkaloids from Ephedra species. The amt. of these alkaloids was in the range of 1.0-2.0% of dry wt. depending on the plantmaterials. The nitrobenzene oxidn.method was modified to obtain more reproducible data and more structural information about lignin, not only by gas chromatog. (GC) but also by proton NMR (1H-NMR) spectroscopy for quant. detn.of the oxidn. products and to simplify the procedures. The nitrobenzene oxidn.mixt. was directly extd. after acidification without preextn. of byproducts. The direct extn.made the extractive step easy and gave reproducible data. 5-Iodovanillin was selected as a new internal std. The reason for this selection was that 5-iodovanillin did not exist in the nitrobenzene oxidn. products from any plant species and had an aldehyde group whose peak did not overlap with the other aldehyde peaks on an 1H-NMR spectrum. Thus, the use of 5-iodovanillin enabled us to quantify p-hydroxybenzaldehyde, vanillin, and syringaldehyde in oxidn. products on the basis of 1H-NMR anal. as well as GC. Furthermore, more information about the condensed structure of lignin was derived by comparing the 1H-NMR and GC analyses. 0Tags 0 Comments Copyright © 2010 American Chemical Society (ACS). All Rights Reserved. A method for the rapid phytochem.characterization of plant cell cultures, using 1H NMR spectroscopy, is described. Aq. exts.were prepd. from a large no. of plant cell suspension cultures. Following lyophilization, the exts.were redissolved in D2O contg. an internal std. to enable quantification and 1H NMR spectra were measured. In the spectra, signals from sugars and amino acids were obsd. The patterns obtained were characteristic of cell lines, with related lines typically showing similar characteristics, e.g., Tabernaemontana suspension cultures are characterized by their ability to accumulate large amts. of arginine, while Catharanthus cultures mainly accumulate glutamine. The amts. of amino acids accumulated were detd. mainly by the medium on which the cell cultures were growing. Murashige and Skoog medium supported nitrogen storage in amino acids, while Gamborg B5 medium did not. Ref. spectra of some of the most common constituents are presented, together with data enabling a direct quantification of these compds. in aq. exts. With the aim of quantifying intra-and extracellular carbohydrates, media and cell exts.from a Tabernaemontana divaricataplant cell-suspension culture were investigated with 1H NMR. For suppression of the solvent peak the Meiboom-Gill modification of the Carr-Purcell (CPMG) spin-echo sequence was used after addn. of a paramagnetic relaxation agent (Mn2+) to the sample. Several aspects of this method were optimized (the Mn concn., the interpulse delay and the no. of spin-echo cycles) so as to obtain a rapid and easy method in which no pretreatment of media or cell-exts. was needed. Besides the speed and ease of the method, the direct identification of carbohydrates and other main components is also an advantage. The exhaustion of extracellular carbohydrates coincided with the max. amt. of intracellular carbohydrates. The intracellular carbohydrates, i.e. glucose and fructose, were consumed at a low rate, during several weeks. 0Tags
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(1)H-NMR spectroscopy was successfully applied to the quantitative determination of atractylon in Atractylodis Rhizoma (dried rhizomes of Atractylodes ovata and A. japonica) and Atractylodis Lanceae Rhizoma (dried rhizomes of Atractylodes lancea and A. chinensis). The analysis was carried out by comparing the integral of the H-12 singlet signal of atractylon, which was well separated in the range of delta 6.95-7.05 ppm in the NMR spectrum, with the integral of a hexamethyldisilane (HMD) signal at delta 0 ppm. The atractylon contents obtained by the (1)H-NMR spectroscopy were consistent with those obtained by the conventional HPLC analysis. The present method requires neither reference compounds for calibration curves nor sample pre-purification. It also allows simultaneous determination of multiple constituents in a crude extract. Thus, it is applicable to chemical evaluation of crude drugs as a powerful alternative to various chromatographic methods. We have investigated the transesterification of rapeseed (RO) and waste sunflower (SO) oils with methanol in the presence of potassium hydroxide as a catalyst. The transesterification of tri-acylglycerols was first conducted in a batch reactor. The effect of the temperature on the reaction rates was studied at a constant molar ratio of the alcohol to tri-acylglycerols (6:1) and for a constant concentration of the catalyst (1.0wt%). Size-exclusion chromatography and (1)HNMR spectroscopy were used to quantitatively monitor the transesterification reaction. The mass-transfer coefficients of the tri-acylglycerols during the initial transesterification stage were found to be 0.2-1.2x10(-5)mmin(-1), depending on the type of oil and the temperature. Calculated activation energies implied that at higher temperatures the formation of monoacylglycerols and glycerole was favored for the SO (93kJ/mol for the forward and 48kJ/mol for the backward reaction) and the RO (47kJ/mol for the forward and 36kJ/mol for the backward reaction), respectively. For the continuous industrial reactor/separator setup, the optimum methanol recycle ratio was established as 0.0550. NMR spectroscopy was employed for the detection of adulteration of refined olive oil with refined hazelnut oil. Fatty acids and iodine number were determined by (1)HNMR, whereas (31)P NMR was used for the quantification of minor compounds including phenolic compounds, diacylglycerols, sterols, and free fatty acids (free acidity). Classification of the refined oils based on their fatty acids content and the concentration of their minor compounds was achieved by using the forward stepwise canonical discriminant analysis (CDA) and the classification binary trees (CBTs). Both methods provided good discrimination between the refined hazelnut and olive oils. Different admixtures of refined olive oils with refined hazelnut oils were prepared and analyzed by (1)HNMR and (31)P NMR spectroscopy. Subsequent application of CDA to the NMR data allowed the detection of the presence of refined hazelnut oils in refined olive oils at percentages higher than 5%. Application of the non-linear classification method of the binary trees offered better possibilities of measuring adulteration of the refined olive oils at a lower limit of detection than that obtained by the CDA method. Although onion bulb tissues, either raw or thermally processed, are widely used as culinary ingredients in homes, in restaurants, and in the food industry, especially for sauces, little is known about the chemical constituents released from such systems. To get a straightforward and fast analysis of sugars released from onion dice soaked in model aqueous solutions, quantitativenuclearmagneticresonance (qNMR) spectroscopy was applied, and the effect of a preliminary thermal processing in oil was investigated. Soaking of raw or fried onion bulb dice at room temperature was followed for 11 d as a model of long-term storage. For the Armstrong cultivar, the extracted dry matter (in milligrams per gram of fresh weight) as well as the content in 3 sugars (glucose, fructose, and sucrose) increased up to a maximum after about 48 h of soaking. Frying induces no measurable new water-soluble compounds. However, extraction kinetics are different (about 3 times faster with frying). Using additional microscopic studies, a possible extraction mechanism is proposed: compounds from sap-including sugars-would diffuse through conductive tissue channels. The strategy for identification of phenolic compounds is based on the NMR chemical shifts of a large number of model compounds assigned by using two-dimensional (2D) NMR spectroscopy. Furthermore, 2D NMR was applied to phenolic extracts in an attempt to discover additional phenolic compounds. The (1)H NMR methodology was successful in detecting simple phenols, such as p-coumaric acid, vanillic acid, homovanillyl alcohol, vanillin, free tyrosol, and free hydroxytyrosol, the flavonols apigenin and luteolin, the lignans (+) pinoresinol, (+) 1-acetoxypinoresinol and syringaresinol, two isomers of the aldehydic form of oleuropein and ligstroside, the dialdehydic form of oleuropein and ligstroside lacking a carboxymethyl group, and finally total hydroxytyrosol and total tyrosol reflecting the total amounts of free and esterified hydroxytyrol and tyrosol, respectively. The absolute amount of each phenolic constituent was determined in the polar fraction by using anhydrous 1,3,5-triazine as an internal standard. Three different calibration curves based on (1)H-NMR spectroscopy (300 MHz) were used for quantifying the reaction yield during biodiesel synthesis by esterification of fatty acids mixtures and methanol. For this purpose, the integrated intensities of the hydrogens of the ester methoxy group (3.67 ppm) were correlated with the areas related to the various protons of the alkyl chain (olefinic hydrogens: 5.30-5.46 ppm; aliphatic: 2.67-2.78 ppm, 2.30 ppm, 1.96-2.12 ppm, 1.56-1.68 ppm, 1.22-1.42 ppm, 0.98 ppm, and 0.84-0.92 ppm). The first curve was obtained using the peaks relating the olefinic hydrogens, a second with the parafinic protons and the third curve using the integrated intensities of all the hydrogens. A total of 35 samples were examined: 25 samples to build the three different calibration curves and ten samples to serve as external validation samples. The results showed no statistical differences among the three methods, and all presented prediction errors less than 2.45% with a co-efficient of variation (CV) of 4.66%. n-Octylamine-modified poly(methacrylate-co-ethylene dimethacrylate) monoliths were prepared for rapid screening, determination and one-step purification of puerarin from Radix puerariae(a crude extract of the root of Pueraria lobata). The modified monolith showed a specific surface area of 17.8 m(2) g(-1), an average pore size of 0.76 microm and a total porosity of 60.8%. Fast separation of R. puerariae crude extract was achieved within 5 min at a flow velocity of 722 cm h(-1) resulting in a puerarin purity of 97%, with a recovery of 85%. This demonstrates the potential of n-octylamine-modified poly(methacrylate-co-ethylene dimethacrylate) monolith for the rapid analysis and separation of isoflavonoids. Preparative scale sample loading (12 mg in 2 mL) resulted in a purity of 95%, and a recovery of about 69%. HPLC, FTIR, MS and (1)HNMR spectroscopy were used for the characterization and quantification of puerarin in isolated fraction. A 1H-nuclearmagneticresonance (NMR) spectroscopy method for quantitative determination of benzethonium chloride (BTC) as a constituent of grapefruit seed extract was developed. The method was validated, assessing its specificity, linearity, range, and precision, as well as accuracy, limit of quantification and robustness. The method includes quantification using an internal reference standard, 1,3,5-trimethoxybenzene, and regarded as simple, rapid, and easy to implement. A commercial grapefruit seed extract was studied and the experiments were performed on spectrometers operating at two different fields, 300 and 600 MHz for proton frequencies, the former with a broad band (BB) probe and the latter equipped with both a BB probe and a CryoProbe. The concentration average for the product sample was 78.0, 77.8 and 78.4 mg/ml using the 300 BB probe, the 600MHz BB probe and CryoProbe, respectively. The standard deviation and relative standard deviation (R.S.D., in parenthesis) for the average concentrations was 0.2 (0.3%), 0.3 (0.4%) and 0.3mg/ml (0.4%), respectively. A simple and rapid microwave-assisted extraction (MAE) procedure combined with 1H-NMR spectrometry was developed and optimised for the extraction and quantitative determination of capsaicin in Capsicum frutescens. The influence of experimental variables, including irradiation power, extraction temperature and dynamic extraction time before reaching the selected extraction temperature, on the performance of the extraction procedure was systematically studied using a Box-Behnken experimental design followed by a conventional central composite design approach. Statistical treatment of the results together with results from some additional experiments suggested optimum extraction conditions as 120 degrees C and 150 W, for 15 min with acetone as extractant. The optimised MAE method provides extracts that can be analysed quantitatively using 1H-NMR without any preliminary clean-up or derivatisation steps. In the 1H-NMR spectrum of the crude extracts the doublet signal in the delta range 4.349-4.360 ppm was well separated from other resonances in deuterated chloroform. The quantity of the compound was calculated from the relative ratio of the integral value of the target peak to that of a known amount of dimethylformamide as internal standard. In comparison with traditional Soxhlet extraction, the proposed method is less labourintensive and provides a drastic reduction of extraction time and solvent consumption. In addition, MAE showed higher extraction yield and selectivity, with comparable reproducibility and recovery, relative to both conventional Soxhlet and sonication methods. Solutions obtained by heating carrot roots in water (stocks) are widely used in the food industry, but little information is available regarding the metabolites (intermediates and products of metabolism) found in the stock. The effect of treatment temperature and duration on the sugar composition of stocks was investigated directly by quantitative (1)H NMR spectroscopy, to understand the extraction mechanism when processing at 100 degrees C. Stocks prepared at three different temperatures (50, 75, and 100 degrees C) were investigated for up to 36 h. Three sugars (sucrose, glucose, and fructose) were detected and quantified. The concentrations of these three sugars reached a maximum after 9 h when the temperature of treatment was 50 or 75 degrees C. At 100 degrees C, the sucrose concentration reached a maximum after 3 h, whereas the concentration of glucose and fructose was still increasing at that time. Comparison of the kinetic composition of these carrot stocks with that of model sugar solutions leads to the proposal that the changes in stock composition result from sugar diffusion, sucrose hydrolysis, and hydroxymethylfurfural (HMF) formation. Studies were carried out on transesterification of Karanja oil with methanol for the production of biodiesel.
The reaction parameters such as catalyst concentration, alcohol/oil molar ratio, temperature, and rate of mixing were optimized for production of Karanja oil methyl ester (KOME). The fatty acid methyl esters content in the reaction mixture were quantified by HPLC and 1H NMR method. The yield of methyl esters from Karanja oil under the optimal condition was 97-98%. 0Tags 0 Comments Copyright © 2010 U.S. National Library of Medicine.
